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(54) Varying the operating energy applied to an inkjet print cartridge based upon the printmode 
being used 



(57) Disclosed is a method of operating an inkjet 
printer (10) having one or more inkjet print cartridges 
(12) installed in the printer (10), wherein the printer (10) 
is capable of operating under varying operating condi- 
tions and in a plurality of different printmodes, including 
obtaining a value for the common parasitic resistances 
and a base operating voltage setting for the inkjet printer 
(10) when a predetermined number of possible resistors 



(44) on the print cartridge (12) are firing during a given 
period of time, determining an actual number of resistors 
(44) firing on the print cartridge (12) during the given 
period of time, adjusting the base operating voltage set- 
ting to a selected voltage setting based on the results of 
said obtaining step and said determining step and op- 
erating the printer (10) using the selected operating volt- 
age setting for the print cartridge (12). 
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Description 

rpnQfi-RFFFRENCE TO RELATED APPLICATIONS 

, m ^^ ^^ 

ergy Control Method for an Inkjet Print Cartridge U.S. Patent Appbattor ^> er s patent No 

1997, entitled "Thermal Ink Jet Print Head and I Pnnter E nergy Cont ^ JppjnJJ^J^ Aboard Thermal 
5,418,558, entitled -Determining the Operating Energy o a Thermal '* ^JEtal^ Printer;" U.S. Patent No. 
Sense Resistor;- U.S. Patent 5,428,376 entitled T^^^f ^ SiS Ration Serial No. 09/016,478, 
w 5,682.185entitled-EnergyManagementSchemefo r "'"^^^^. Ji Patent Application Serial No. 

15 porated by reference. 

cifi n OF THE INVENTION 

[0002] This invention relates to thermal Inkjet printers, and more particularly to the control o, the printhead firing 
20 energy. 

BACKGROUND OF THE INVENTION 

Chapter 13 ol Oalpu, Harfcopy I** (»■ Durb *"* *™ = f„ °™ ' „, -ju^o, , he Hm,mi-P*X*,d Journal 
basic, a. ,h» .achnolog, »» l"^* a^uT.TeT^ Z 7g£Z%m. «■ 43, No 4 (Au,* 1992), 
[»,. 36, No. 5 (May 1985), « 39. Na < ^"^i^^gL,"^,^ hecai by .af.i.nca Ink)., hardcopy 

35 the filling of a pattern of dot locations with dots of ink. medjum gnd , jca||y 

[0005] Inkjet hardcopy devices print dots ^^^^^^^^„^ TUec^eXra.ers- 
includeamovablecarriagethatsupportson^ 1 9 ^ - appropfjate tjmes 

40 intended to correspond to the pattern of pixels of the irnagebe.ng | pnntecL ^ ^^.^ to 

[0006] The typical inkjet printhead (..e the s.l icon, subs J^J*^™ a soK , ent) . It has an array of precisely 
he substrate) uses liquid ink (i.e., dissolved JSJ^S^SS « TO of ink ejection chambers which 

formed ortfices or nozzles attached to a noz^so ink can col.ect between it and 

receive liquid ink from the ink reservoir. Each chamber is ^located ^PP"" ine ^ Qf 

the nozzle and has a firing resistor located in JLn electric printing 

(0007J ,n ah ,nk)« P„n,h«d ,ha ink in M „om an , r.aenror, .m.gra " a „ me rark)0 , vapo ,. 
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pleted movement or swath the medium is moved forward the width of the swath, and the ink cartridge begins the next 
swath. By proper selection and timing of the signals, the desired print is obtained on the medium. 
[0009] The energy applied to a firing' resistor affects performance, durability and efficiency. It is well known that the 
firing energy must be above a certain firing threshold to cause a vapor bubble to nucleate. Above this firing threshold 

s is a transitional range where increasing the firing energy increases the volume of ink expelled. Above this transitional 
range, there is a higher optimal range where drop volumes do not increase with increasing firing energy. In this optimal 
range above the optimal firing threshold drop volumes are stable even with moderate firing energy variations. Since, 
variations in drop volume cause disuniformities in printed output, it is in this optimal range that printing ideally takes 
place. As energy levels increase in this optimal range, uniformity is not compromised, but energy is wasted and the 

to printhead is prematurely aged due to excessive heating and ink residue build-up. 

[0010] In existing printheads having a dedicated connection for each firing resistor, or for a group of resistors called 
a primitive, a one time calibration of each connection by either the printer or production circuitry external to the print 
cartridge also compensates 1or any parasitic resistance or impedance in the unique path leading to each resistor. 
Printheads may be characterized at production to set these operating parameters. The printer then uses these operating 

is parameters. 

[0011] However, in new smart drive printheads wherein each tiring resistor or each primitive does not have a dedi- 
cated connection, there may be variations due to other factors. A large number of resistors is powered by a single 
voltage line that receives power via an electrical contact pad between the printer electronics and the removable print 
cartridge. Consequently, as the data load being printed changes, the current draw through the line and the voltage as 
20 measured at the firing resistor may be undesirably varied. For instance, when many or all resistors are fired simulta- 
neously, the print cartridge voltage may be depressed by parasitic effects, giving a lower firing voltage than when only 
one or a few resistors are fired. 

[0012] Accordingly, there is a need for a method of operating an inkjet printer with a printhead having a plurality of 
ink firing resistors that overcomes the above problems. 
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SUMMARY OF THE INVENTION 



[001 3] The present invention provides a method of operating an inkjet printer having one or more inkjet print cartridges 
installed in the printer, wherein the printer is capable of operating under varying operating conditions and in a plurality 

30 of different printmodes, including obtaining a value for the common parasitic resistances and a base operating voltage 
setting for the inkjet printer when a predetermined number of possible resistors on the print cartridge are firing during 
a given period of time, determining an actual number of resistors firing on the print cartridge during the given period 
of time, adjusting the base operating voltage setting to a selected voltage setting based on the results of said obtaining 
step and said determining step and operating the printer using the selected operating voltage setting for the print 

35 cartridge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Fig. 1 is a perspective view of one embodiment of an inkjet printer incorporating the present invention. 
40 [0015] Fig. 2 is a top perspective view of a single print cartridge. 

[0016] Fig. 3 is a highly schematic perspective view of the back side of a very simplified printhead assembly. 
[0017] Fig. 4 is a schematic block diagram of a thermal inkjet printing apparatus according to a preferred embodiment 
of the invention. 

[0018] Fig. 5 is a detailed schematic of a printhead circuit of the embodiment of Fig. 2. 
4S [0019] Fig. 6 is a schematic block diagram of a power supply voltage regulator and a single print cartridge circuit. 
[0020] Fig. 7 is a schematic block diagram showing a power supply, voltage regulator and multiple print cartridge 
circuits. 

[0021] Fig. 8 is a schematic block diagram showing a power supply, two voltage regulators and multiple print cartridge 



circuits. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 



[0022] Fig. 1 is a perspective view of one embodiment of an inkjet printer 1 0 suitable for utilizing the present invention, 
with its cover removed. Generally, printer 10 includes a tray 11 A for holding virgin paper. When a printing operation is 
55 initiated: a sheet of paper from input tray 11 A is fed into printer 10 using a sheet feeder, then brought around in a U 
direction to now travel in the opposite direction toward output tray 11 B. The sheet is stopped in a print zone 1 3, and a 
scanning carriage 16, supporting one or more print cartridges 12, is then passed across a print zone on the sheet for 
printing a swath of ink thereon. The printing may occur while the carriage is passing in either directional. This is referred 
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to as bi-directbna. printing. After a sing.e pass or mu.tip.e passes, the sheet S^wZthe 
based on the printmode being used, using a convention, ^^^^* a ^S^on the 

and pulley arrangement, may be used for transporting ^^^^^^ includes a flexible tape 
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drive orinthead are multiplexed. The print drKrer c.rcu.try compnses an array «*P™£* jnto any number 
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a control voltage at its address select terminal and an electrical power source at its primitive select terminal. In response 
to print commands from the printer, each primitive is selectively energized by powering the associated primitive select 
interconnection. To provide uniform energy per heater ink ejection element only one ink ejection element is energized 
at a time per primitive. However, any number of the primitive selects may be enabled concurrently. Each enabled 

5 primitive select thus delivers both power and one of the enable signals to the driver transistor. The other enable signal 
is an address signal provided by each address select line only one of which is active at a time. Each address select 
line is tied to all of the switching transistors 82 so that all such switching devices are conductive when the interconnection 
is enabled. Where a primitive select interconnection and an address select line for a ink ejection element are both 
active simultaneously, that particular heater ink ejection element is energized. Only one address select line is enabled 

10 at one time. This ensures that the primitive select and group return lines supply current to at most one ink ejection 
element at a time. Otherwise, the energy delivered to a heater ink ejection element would be a function of the number 
of ink ejection elements being energized at the same time. 

[0031] Additional details regarding the control of inkjet printheads are described in U.S. Patent Application Serial 
No. 09/016,478, filed January 30, 1998, entitled n Hybrid Multi-Drop/Multi-Pass Printing System 0 and U.S. Patent Ap- 
15 plication Serial No. 08/962,031 , filed October 31, 1997, entitled "Ink Delivery System for High Speed Printing" which 
are herein incorporated by reference. 

[0032] In existing printheads, an entire column of data is assembled in printer logic and the printer itself controls the 
sequence of energizing the printhead address and primitive lines which were demultiplexed. Moreover, prior printheads 
have a dedicated connection to a primitive line, primitive ground and address line for each firing resistor. A one time 

20 calibration of each connection by either the printer or production circuitry external to the print cartridge compensates 
for any parasitic resistance or impedance in the unique path leading to each resistor. Existing printheads may be 
characterized at production to set these operating parameters. The printer then uses these operating parameters. 
[0033] However, in new printheads having smart integrated logic on the printhead, data is transmitted to the printhead 
and the printhead decodes this data into address and primitive control signals. Data for all address lines must be 

25 sequentially sent to the printhead for each address line. In the time domain, this is one ejection period. In the physical 
location domain, this is called one column. These smart drive printheads have a large number of resistors making it 
difficult to have a direct connection for the address lines, primitive lines and primitive grounds. Accordingly, in smart 
drive printheads each firing resistor may not have a dedicated connection. Without a dedicated connection there may 
be variations in delivered energy to a resistor due to parasitic resistances. A set of resistors, or a primitive, is powered 

30 by a single voltage line that receives power via an electrical interconnection between the print cartridge electrical pads 
86 and corresponding pads on the printer carriage 16. Power to the carriage 16 from the regulated voltage 72 on the 
printer 10 is suppled by a flexible cable, or ribbon cable. The voltage line continues from the electrical contact pads 
86 on a flexible electrical tape circuit 80 to a bonding connection to electrodes 87 on the printhead die 88. The printhead 
die 88 contains the firing resistors 44 and other control electronics, such as the drive transistors 48. The voltage line 

35 continues out from the printhead die 88 via a bonding connection to electrodes 87 on the printhead die 88 through the 
flexible electrical tape circuit 80 to print cartridge electrical pads. The voltage line continues to the carriage electrical 
interconnection between the print cartridge electrical pads 86 and to corresponding pads on the printer carriage 16. 
The voltage line continues from the carriage 1 6 to the voltage regulator 72 via the flexible cable, or ribbon cable. 
[0034] The impedance of the print cartridge electrical contacts 86, flex circuit 80 bonding connections to the substrate, 

^0 flex circuit trace resistances, substrate trace, transistor, resistor resistances, and other connections and lines, can vary 
from print cartridge to print cartridge. Also, the impedance of the print cartridge can vary over time, even when the 
voltage provided by the printer to each of the print cartridge electrical contacts is well controlled. Moreover, as the data 
load being printed changes, the current draw through the line and the voltage as measured at the firing resistor may 
be undesirably varied. For instance, when many or all resistors are fired simultaneously, the print cartridge voltage 

45 may be depressed by parasitic effects, giving a lower firing voltage than when only one or a few resistors are fired. 
[0035] Because the voltage is regulated prior to the carriage to print cartridge interconnect, there is no consideration 
of the resistance past that point. Under heavy loading (i.e. single pass and/or high density prints), the parasitic voltage 
drop can be quite high. Since, the turn-on energy is set such that heavy loads can print, light loads (i.e. multiple pass 
and/or low density prints), which do not experience nearly as high a voltage loss through the lines, can be given sig- 

so nificant amounts of over-energy. 

[0036] The significantly different energy requirements for a loaded versus unloaded condition can be attributed to 
the method in which the voltages are set on printers. Printers often regulate the printhead voltage based on a voltage 
sensed near the power supply 70. This voltage is before the printer flexible electrical cable from the printer 10 to the 
carriage 16 and therefore neglects the cable resistance as well as the resistance of the carriage 16 circuit board and 

55 the carriage to print cartridge interconnect. As the current required to drive the print cartridges increases, the parasitic 
voltage drop increases. The situation is improved if the regulator senses the voltage closer to the printhead, such as 
at the circuit board on the carriage 16 just before the carriage 16 electrical interconnects to the print cartridge 1 2, but 
a problem with parasitic resistances and voltage drop still remains. 
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resistors being fired simultaneously, needed an operating energy at the printer contacts to the print cartridge which 
was much less than the operating energy required when the same print cartridge was printing with all of its resistors 
firing. Also, a print cartridge firing only a few of its resistors, but with other print cartridge resistors being fired simulta- 
neously, needed an operating energy which was approximately the same as the operating energy required when the 
5 same print cartridge was printing with all of its resistors firing. In addition, a print cartridge printing data in a four-pass 
printmode needed much less energy when printing the same data in a one-pass printmode. 

[0044] This creates a problem because when the operating energy is set high enough to power a print cartridge 
when all of its resistors and all of the resistors of all the other print cartridges are being fired, too much energy is 
delivered to the print cartridge when only a few of its resistors of are being fired and no other print cartridges are being 
10 simultaneously fired. This excess energy leads to rapid formation of films on the resistors fkogation"). High amounts 
of excess energy are also implicated in shortened resistor life and the generation of excess heat in the printhead. High 
amounts of excess energy also may cause thermal shutdown and no drop ejection. 

[0045] As discussed above, with direct drive and integrated drive printheads using multiplexing each of the primitives 
has a direct connection to a constant voltage source and therefore primitives have very little effect on each other. 

is However, with the new smart drive printheads these primitives may be coupled together and connected to a constant 
voltage source. This means that when a different number of these coupled primitives are fired, they utilize differing 
amounts of current from the voltage source. Thus, the resistances in the circuit which are common to the different 
primitives cause a parasitic voltage loss which is proportional to the number of primitives fired. 
[0046] The present invention takes these differences between the printmodes into account and adjusts the nominal 

20 operating energy of the print cartridge depending on the printmode being used by the printer for a particular swath. 
Similarly, a higher or lower target operating voltage can be set for the black print cartridge if there is or is not a color 
print cartridge also printing during the swath, respectfully. Stated another way the present invention alters the target 
operating voltage based on the maximum common parasitic loss which can be expected in a particular printmode. 
[0047] Referring to Fig. 6, printers generally regulate the printhead voltage based on a voltage sensed as close to 

25 the printhead as possible, such as at the circuit board on the carriage 16 before the carriage electrical interconnects 
to the print cartridge 12. The output of the voltage regulator 72 is constant and set to V regulator . The output of the voltage 
regulator flows through a set of common parasitic resistances, r\ p , between the voltage regulator and the print cartridge 
primitives. Thus, voltage and energy is dissipated in and V regu , ator must be set high enough to compensate for this 
voltage loss. 
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When All Primitives Fire 



[0048] Assume that V regu , ator is set to be the voltage at point 74 required to fire all of the primitives at the same time. 
If the minimum voltage at point 78 required to fire a primitive is V prim j tjve . mjn , which is a constant under all operating 
35 conditions, then the minimum energy, E primitjve mjn , to fire a primitive is 



F - lYV \ 2 / R 1 * PW 

"-primitive, min ~ LV V primitive, min' 'primitive' 



40 where PW is the pulse width. 
[0049] Assuming that 



R — R _ p = R 

•"primitive, 1 — ''primitive, 2 primitive, Np primitive 

then 

'primitive, 1 = 'primitive, 2 — 'primitive. Np - 'primitive' 

and 

'primitive — ^primitive) ^ ^primitive 

[0050] The total current is then 
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[0051] The voltage drop across R cp is now, 

V regulator - ^primitive ~~ ^tottl 

= N p * (V primitive, min ' ^primibvc) * ^cp 

v is set so that when the maximum current is drawn through common parasitic resistance R (i.e. when 

v re guiator ,s seisoxndi wmbm min mum regulator voltage, 

all primitives are firing) the voltage at point 78, V primWve , is equal to v pnmitlve< mtn . 
« V regubtor mh . to provide V primitive . min at point 78 would be: 

^regulator, rain = ^primitive, rain ftotal ^«p) 

= V primitive , mill + [(N p ) * (V^v. / RpWive)! * Rcp- 

whereN is the total number of pnm^ ^ 

that still ensures that all primitives can fire. The minimum energy to fire a pr.mrt.ve is 



25 



r- - r/v/ \ 2 / R 1 * PW 

E primitive. min " U V primitive> ^primitiveJ 

When Only One of the Primiti ves Fires 

[0052] Now consider the case where only one of the primitives fires, i.e., N p = 1 . In this case if the voltage regulator 
is set as above, i.e., assuming all primitives will be firing: 

35 y ne ^ 0 , = V prin , irive . „j» + N p * (Vp^i.i^Rpri.nidve) * 

= V^ve. ^ * [1 + N p * OMWe)] 

40 The voltage drop across is now, 

^regulator - ^pnmitjve = ^primitive * ^cp 
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— (Vj^jrive / RprimitWe) * ^sp 



Vregulator = V primitive * I 1 + < R cp 1 R primitive)] 



BNSDOCID: <EP 1004442A2J_> 



EP 1 004 442 A2 



10 



^primitive ^regulator / [ 1 + (Rep I R pr im itive)] 

= V pfimitivc min * [1 +N p * (R^ / RprimiovJ] / [1 + (Rep / Rprimitive)] 

Calculating the ratio V primitive / V primjth , e min gives 

primitive 1 V primitive. min = [ 1 + N p * ( R cp 1 primitive)] 1 t 1 + < R cp 1 R primilive)] 

If N p > 1, then 

v P rimitive / v primitive, min wi " be greater than 1. This means excess voltage is being applied to the one primitive 
15 firing and the excess energy is 

F - rv /v \ 2 

excess ~ v primitive v primitive, min' 

20 Assuming V regulaIor is adjusted based on the number of primitives, or resistors, which are be fired within a given period 
of time, in a particular print mode of P passes. When P passes are used, the total number of firing primitives in one 
pass approximately equals N p / P After all P passes all N p primitives will have fired. 
In this case, would be set to 



25 



30 



35 



^regulator = ^primitive, min ^ + (N p / P) R C p^ R primitive)] 
when the present invention is applied instead of 

^regulator ~ ^primitive, min H + (N p ) ( R cp^ R primitive)]" 

The V primjtive / V primltjve mjn ratio when firing a single primitive would then be: 

V primitive /V primitive, min = I 1 + < N p /P R cp /R primitive)] 1 I 1 + < R cp /R primitive)] 



and the excess voltage and energy that is applied is less than in the former case. 
40 Multiple Print Cartridge 

[0053] Referring to Fig. 7, the present invention can be applied to the case where M multiple print cartridges each 
with N p primitives are supplied from a common voltage regulator 72. In this case, both the number of primitives fired 
simultaneously and the number of print cartridges fired simultaneously, should be considered when V regu |a tor is set. In 
45 this case without the present invention the voltage would be 

^regulator - ^primitive, min + ^p (^primitive, min ^ R primitive) R cpl 

50 whereas with the present invention voltage would be 

V regulator = V primith/e, min + P * ^ * ^p * ( V primitive.min ' R primith/e) R cp] 
55 where F is the fraction of the primitives, or resistors, on all print cartridges which are firing within a given period of time. 



9 



BNSDOCID: <EP 1 004442A2_I_> 



EP 1 004 442 A2 



Multiple Voltage Regulators 

[0054] Referring to Fig. 8, another example of the present invention applies with separate voltage regulators for 
different print cartridges In this case, the amount of current drawn by a second print cartr.dge can affect the finny 
voltaae of the other print cartridge (and thus its firing energy) as follows. 

£oS] The first effect is power supply "sag" With one print cartridge firing at a high duty cycle, the power .upland 
voltage regulators may be unable to maintain V regulator . n and V regulator . 2 at their T^^^f^^ta 
deals with this by setting V regulator set to a higher voltage than would be normally needec '«««»«Jj2S 
regulator pulls more current than the power supply can deliver wrthout sagg.ng. Then, when the second pnnt cartridge 
Is ToTfirlng at a high duty cycle, the power sup,V does not sag and excess energy is appl.ed to the pnnt cartridge 
powered by the first voltage regulator. -nmmnn 
?00S6] The second effect occurs if the print cartridges are connected to a common grounded I there ,s a common 
paras tic resistance in the ground line 80 between the print cartridges and the power supply 70 shown as F^ g . Here 
a high duty cycle in one print cartridge creates a ground voltage, V, through the current flowing through R^. Th.s 
means the voltage dissipated in the primitives (for firing the print cartridge) is decreased rom V rimitive to V^e " 'g- 
To compensate for this V reaobtor must be set proportionally higher using equations sim.lar to those shown n the f.rst 
Sample tots case, whXhe' second print cartridge does not fire, the first print cartridge is supplied with excess 

^singZ present invention, V reguUitor would not necessarily be set assuming the maximum parasitic loss 
possible. Instead, the printmode, number simultaneously firing primitives, and number of s.multaneous.y firing pnnt 

S?™^ 9 es having shared power and ground lines and parasitic -.stance n the se lines 
esult in variations in delivered energy to the primitives in a print cartridge. The present invent.cn takes these common 
pTra rreittances into account and adjusts the target operating voltage depending on the P^Tf""**^ 
any particular swath or part of a swath. More specifically, it considers a predeterm.ned number of pnmrt.ves wh.ch can 
«re simultaneously and adjusts the target voltage of the voltage regulator to compensate for the max.mum expected 
voltage loss through the common parasitic resistances. „ ri „ t h 0a rt 
[OOsI] Another embodiment of the present invention is to set a higher or lower target voltage for the black pr.nthead 
depending on whether there was or was not a color printhead also printing during the swath. For example rf no color 
Pnnthead is fired during a swath, the ground return resistance can be treated like the other common res.stances _ 
[U060] While the above is discussed in terms of specific and alternative embodiments, the invent.on .s not .ntended 
to be so limited. 



Claims 



1 A method of operating an inkjet printer (10) having one or more inkjet print cartridges (12) installed in the printer 
00) v^ereintheprinter(10)isca^ 
printmodes, comprising: 

obtaining a value for the common parasitic resistances and a base operating voltage setting for the inkjet 
printer (10) wL a predetermined number of possible resistors (44) on the print cartridge (1 2) are f,r.ng dur.ng 

detrminTng anltuiTnumber of resistors (44) firing on the print cartridge . (1 2) during the given P^o^* 
adjusting the base operating voltage setting to a selected voftage setting based on the results of sa.d obtam.ng 
step and said determining step; and . . ., w „ /19 v 

operating the printer (1 0) using the selected operating voltage setting for the print cartridge (12). 

2. The method of claim 1 , wherein the obtaining includes reading the base operating voltage from the print cartridge 
(12). 

3. The method of claim 1, wherein the obtaining includes reading the common parasitic resistance from the print 
cartridge (12). 

4 The method of claim 1 , wherein the obtaining includes setting the predetermined number of possible resistors (44) 
to the maximum number of resistors (44) that can be fired in the given period of time. 

5. The method of claim 1 , wherein the determining includes the printer (1 0) obtaining the actual number of resistors 
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(44) firing from a printhead driver (15) on the printer (10). 

6. The method of claim 1 , wherein the adjusting is based on the number of firing primitives during the given period 
of time and the common parasitic resistances. 

7. The method of claim 1 , wherein the adjusting is based on the total current through the parasitic common resistances 
and the common parasitic resistances. 

8. The method of claim 1 , wherein the adjusting is based on a current printmode in effect. 

9. The method of claim 1 , wherein the adjusting step includes using the following equation to adjust the base operating 
voltage: 

^regulator = V primitive. min I 1 + (N p / P) ( R cp / ^primitive)! 

1 0. The method of claim 1 , wherein the adjusting step includes using the following equation to adjust the base operating 
voltage: 

^regulator - ^primitive, min + ^ ^p (^primitive, min ' ^primitive) ^cpl 
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